Rebounding water use behaviour has been observed in communities that have experienced plentiful water supply following a very dry period. However, the drivers of such rebounds in water consumption are varied and not well understood. Knowledge of such drivers can greatly assist managers towards proactive demand management, modelling and timely promotion of water efficient behaviours. Total and end-use residential water consumption has been tracked in South East Queensland, Australia for a sample of up to 252 homes in post-drought conditions (dam supplies growing but water restrictions continued, changed water use behaviours still 'fresh'), and during and post-flooding conditions (eased restrictions, 100% dam capacity). Data on end-use water consumption trends using nearly 3 years of residential water end-use data have revealed several interesting patterns of consumption such as a delayed return to pre-drought use, the influence of climate and end-use specific rebounds (e.g. indoor versus outdoor use). The end-use data have helped to identify the drivers of rebounding water consumption which appear to include environmental cues (rainfall, temperature), social cues (e.g. government encouraging consumers to turn on tap) and a gradual general reduction in conservative water use behaviours. The paper concludes with a discussion of how this knowledge can be used to inform long-term demand management policy, particularly in variable climates.
INTRODUCTION Setting the scene
Effective water management, be it ensuring security of supply or improving flood resilience, is never far from the top of the agenda for all tiers of government in Australia, and indeed globally. Several urban and rural regions continue to experience drought in Australia, while other areas have faced their worst flooding on record. In some cases, these natural disasters have occurred consecutively in the same region. For example, in South-East Queensland (SEQ) where, having emerged from one of its most harsh and protracted droughts on record, it then experienced two severe floods within the space of 3 years (2010-11 and 2012-13) . This variability in climate, combined with high population growth, has made the tricky business of water management even more challenging in SEQ. Evolving from these challenges has been the emergence of integrated urban water management strategies from both the demand and supply perspectives.
In SEQ, policy makers have implemented a range of highly successful strategies aimed at reducing demand, including water restrictions, rebates, ubiquitous media campaigns and water use targets (Walton & Hume ) . As a result of these strategies, residential demand reduced from around 300 L/p/d to around 120-140 L/p/d at the height of the 'Millennium drought' in SEQ (Beal & Stewart , ) .
However, the prolonged wet weather which effectively 'broke the drought' has seen consistent record rainfalls and full water supply dams, which has coincided with an increase in average per capita water consumption, particu- 
Research aims and scope
The aims of the study were to: (i) determine the trends in total water consumption for the residential properties that were participating in the South East Queensland Residential End-Use Study (SEQREUS), (ii) identify the end-uses that were influencing the more notable trends in the consumption patterns, and (iii) explore the possible drivers that were affecting total and end-use consumption over time.
Both measured total and end-use data from SEQREUS households and observed total daily bulk water demand sourced from Seqwater, Queensland were used.
METHODS

SEQREUS
In total, 252 households were used in the SEQREUS, providing a good representation of SEQ households with a varying range of household occupancies, family composition and household income categories (Beal & Stewart ) . Total water use has been recorded continuously since 11 January 2010 to date. Within this time, eight separate water end-use analysis periods of 2 consecutive weeks, occurred during the SEQREUS. A summary of participant characteristics is shown in Table 1 .
The SEQREUS used a mixed method, advanced water end-use measurement approach to capture and analyse water use data. Upon completion of recruitment, standard council residential water meters were replaced with modified Actaris CTS-5 water meters. These 'smart' meters measure flow to a resolution of 72 pulses/L or a pulse every 0.014 L. The smart meters were connected to Aegis Data Cell series R-CZ21002 data loggers. The loggers were programmed to record pulse counts at five second intervals.
Data were wirelessly transferred to a central computer and stored in a database for subsequent analysis. A representative sample of received data was extracted from the database and disaggregated into all end-use events associated with the sampled residential households using the Trace Wizard ® software (Aquacraft ). Concomitantly with meter and logger installation, a water fixture/appliance stock survey was conducted at each participating home in order to investigate how householders interact with such 
RESULTS AND DISCUSSION
Has SEQ 'rebounded' back from the drought?
The term 'rebound' has been used been used in the context of water and energy to describe an economic phenomenon when a sector becomes more efficient and prices drop, resulting in an increase in demand and thus offsetting the efficiency gainoften termed Jevon's Paradox (Mayor et al. ) . This is not the definition that will be used herein, rather the term rebound in this paper relates to the increase in water consumption following a sustained lower use during an period of scarcer water supply. were previously observed (Figure 3(a) ). than observed in the earlier reads (Figure 3(b) ), the volume is much lower. Shower use also is lower than the previous two 
Environmental drivers of water demand
The trend shown in the total bulk water demand pattern ( Figure 1 ) demonstrates that once restrictions were eased, temperature and water consumption are generally positively correlated with an increase in temperature, usually corresponding to an increase in water consumption and vice versa. Similarly, rainfall and water demand were generally correlated with periods of low or no rainfall typically resulting in bulk water demand spikes (Figure 1 ).
In terms of measured residential end-uses the story is not quite so straightforward. Data in Table 2 indicate that when rain occurred, the mean daily household use was significantly less than the average consumption (p < 0.05). The trends shown in Figure 4 suggest that outside use is likely to be contributing to this increase in household consumption when it has not rained for 1 or more days. The relationship between temperature and water demand, with an increase in temperature appearing clearly associated with an increase in water demand. Conversely, trends show that total water consumption is less sensitive to temperature as there is an increase in water consumption for both the high and low temperature clusters. On closer examination, the greatest increase in total water use occurred in the milder temperature and no rainfall cluster (Low Temp þ No Rain) ( Figure 4 ). These conditions are typical of late winter, early spring, where the most prolonged periods of dry weather typically occurs in subtropical SEQ. Referring back to the total water use patterns for the SEQREUS sample (Figure 2) , it is this period (August-November) that exhibited the consistently higher peak days and greater proportion of outdoor water use.
The conclusion here may be that the number of consecutive days of low or no rainfall is at least as an important indicator or determinant of higher outdoor use than the presence or absence of rainfall itself. Further, the combination of climate factors appears to be more influential on water use, as opposed to any single climate factor.
Outdoor versus indoor uses
The trend comparison of percentage of homes actively using outdoor water and the average consumption of outdoor water use activities is shown in Figure 5 . Of the homes that recorded outdoor water use, the average ranged between 14 to 56.8 L/p/d with a notable increase in average use over time (Figure 4) .
These data also demonstrate that the number of homes engaging in outdoor water use (indicated by 'percent homes' on chart) also increased over time, as well as the actual volumetric use of outdoor water. This provides some evidence to suggest that attitudes and behaviours to outdoor water use and irrigation may be shifting, postdrought, towards to a more relaxed attitude and greater preparedness for people to turn on the taps outside.
Furthermore, this relaxation on outdoor use coincides with generally prolonged wet weather conditions which, historically, typically sees a decline in peak outdoor water demand. Water consumption has trended downward since the 'dry' spell in August and September 2012, although remains higher than 2010-2011 averages, with the number of homes engaging in water use activities outdoors continues to exceed 80% of the sample population.
Mandatory versus voluntary demand management
Both in Australia and internationally, research suggests that due to greater social awareness and increasingly widespread exposure to drought conditions people are beginning to genuinely value water as a precious resource ( By understanding the factors that drive upward or downward trends in water consumption, managers can adopt a proactive approach to demand management and potentially circumvent the need for restrictions or other mandatory approaches. The effectiveness of water restrictions, while not always a favoured demand management approach for water utilities, has been shown to be very effective at reducing residential demand. Another non-mandatory approach that was used in combination with enforced restrictions was aimed at behavioural shifts in water consumption prompted by community and government media messaging, Target 140 campaigns and promotion of water-efficient devices. This approach was also effective in significantly reducing demand, and may be a more favoured approach when water scarcity becomes an issue again in the future. Using behavioural interventions may also be a useful approach in changing the daily peak demand patterns thus reducing the pressure on network pumping energy costs during these peak times. In the absence of immediate threats to water supply, the approach of using demand management to optimise water network infrastructure operating costs may well shift more strongly into focus in the near future.
